ABSTRACT: Pig weight variation represents an important source of lost production and profitability in the swine industry. To date, few experiments have classified how pigs of the same age but different weight utilize dietary energy and nutrients. The objective of this experiment was to characterize how pigs with varying weaning weights (WW) and postweaning growth performance differ in apparent total tract digestibility (ATTD) of energy or nutrient digestibility or energy utilization. Ninety-six barrows weaned at 18 to 22 d of age were selected from 960 to represent the 10% of the lightest (LWW), median (MWW), and heaviest (HWW) at weaning (n = 32 pigs per WW category). Pigs were housed in metabolism crates for a 5-d acclimation period and a 27-d study and fed ad libitum quantities of a common diet containing titanium dioxide as an indigestible marker. Fecal grab samples and total urine were collected during a 3-d collection period at the beginning and end of the experiment. After the experiment, pigs within each WW category were further classified into the 33% slowest, median, or fastest ADG categories. This resulted in a total of 9 treatments in a nested design. Data were analyzed using the GLIMMIX procedure of SAS. There were no differences in ATTD according to WW at the beginning or end of the experiment, or when ADG was nested within WW at the beginning of the experiment. However, the ATTD of DM, GE, N, and ash, as well as the related DE, ME, and NE content, were greatest (P < 0.01) in the median ADG categories of pigs at the end of the experiment. Energy intake increased with increasing WW (P < 0.001; NE intake = 1.40, 1.64, and 1.89 Mcal/d for pigs from the LWW, MWW, and HWW, respectively). However, the ratio of calculated to actual ME intake was lower in LWW pigs than HWW pigs (P = 0.04; 1.03 and 1.10 for LWW and HWW pigs, respectively). When ADG was nested within WW category, both increasing WW and ADG increased (P < 0.001) energy intake, utilization, and efficiency for gain, energy retained as tissue, and retained GE. The calculated to actual ME intake ratio differed (P < 0.03), supposedly because of differences in thermoneutrality, and therefore maintenance requirements. Reduced postweaning ADG appears to be driven by a combination of poor nutrient digestibility, energy intake, and, possibly, cold stress, which may provide avenues for more directed pig management strategies in the future to minimize variation within a group.
INTRODUCTION
Variation in pig weight is a major source of lost income in modern swine production. Some of this variation stems from pigs having a lighter birth weight and, thus, diminished capacity for postnatal growth because of the intrauterine growth retardation (Gondret et al. 2005 (Gondret et al. , 2006 . For example, the 'thrifty phenotype hypothesis' suggests mammals deprived of adequate fetal nutrition develop physiological defects or deficiencies that lead to poor postnatal growth because of the fetal programming (Hales and Barker, 1992) . This early weight difference is important to later development, but we are unaware of any experiments that have accounted for extreme variations in weaning weight or early growth performance within those different weaning weight categories.
Although intrauterine growth retardation is probably an important cause of weight variation, other sources that introduce variation include poor appetite, environmental conditions, or disease. Recently, a form of weight variation has been described as a periwean-ing failure to thrive syndrome, although it seems unrelated to pathogen presence (Huang et al., 2011 (Huang et al., , 2012 . However, it seems plausible that weight variation is related to depressed energy or nutrient digestibility, or even dysregulation of energetic efficiencies. Further understanding of the etiology of this weight variation will allow us to reassess pig feeding and care procedures, and may potentially lead to improved management strategies. Therefore, the objective was to characterize how pigs with varying weaning weights and postweaning growth performance differ in apparent energy and nutrient digestibility as well as energy utilization.
MATERIALS AND METHODS
All experimental procedures adhered to the ethical and humane use of animals for research, and were approved by the Iowa State University Institutional Animal Care and Use Committee (#9-09-6807-S).
Animals, Housing, Diets, and Experimental Design
Twenty-four barrows in each of 4 replicates provided a total of 96 weanling pigs (PIC C22/C29 × 337; PIC, Hendersonville, TN) used in this metabolism experiment. At 18 to 22 d of age, 960 pigs (5.77 ± 3.92 kg) were weaned from a contracted sow herd and immediately transported to the Iowa State University Swine Nutrition Farm with no knowledge of initial birth weight or litter background from a contracted sow herd. Thus, data will be presented as number of days on the experiment or the number of days postweaning, as the actual age of the pigs was not known. Upon arrival, pigs were weighed and tagged with an individual identification number. Weaning weights (WW) of these pigs were recorded for all barrows that did not exhibit physical deformities or outward signs of ill health (472 barrows; 5.81 ± 3.72 kg). From these barrows, 120 were randomly selected from the 10% lightest (LWW), median (MWW), and heaviest (HWW) weaning weights for the experiment (Fig. 1) . Twenty-four of these pigs were harvested as part of an initial slaughter group for the determination of tissue deposition rates explained by Jones et al. (2012) . The remaining 96 pigs were part of a 27-d digestibility and energy efficiency experiment.
Pigs were blocked by WW category and randomly allotted to individual 0.53 × 0.71 m stainless steel, fully slatted pens for a 5-d acclimation period, followed by a 27-d metabolism experiment. A single-hole self feeder and nipple waterer fitted with a cup in each pen allowed for ad libitum access to feed and water. Pigs were fed common diets based on a commercial phase-feeding program (Table 1) . Diets during the collection periods contained 0.40% titanium dioxide to serve as an indigestible marker. All diets included 38.6 ppm tiamulin hydrogen fumarate and 440.9 ppm chloratetracycline, which served as feed-grade antibiotics. One barrow from the MWW category was removed from the experiment and humanely euthanized because it was positive for Haemophilus parasuis. No other pigs were removed from the experiment or showed signs of illness.
Pigs were weighed and feed disappearance was measured weekly. After the completion of the experiment, WW categories were further classified into the slowest, median, and fastest 33% ADG categories (slowest = 1, median = 2, and fastest = 3) within each WW category Experimental design: from 960 total pigs, 40 barrows were selected from the 10% lightest (LWW), median (MWW), and heaviest (HWW) weaning weight categories for the experiment (120 total pigs). Eight pigs for each WW category were harvested on d 5 post weaning as an initial slaughter group, which was utilized in the calculation of protein and lipid deposition rates previously reported (Jones et al., 2012) . The remaining 32 pigs for each WW category (11 slowest ADG, 10 median ADG, 11 fastest ADG per WW category) were harvested after a 27-d growth and metabolism experiment. After the completion of the experiment, WW categories were further classified into the slowest, median, and fastest 33% ADG categories (slowest = 1, median = 2, fastest = 3) within each WW category, This yielded a nested trial design, where 3 ADG categories (1, 2, and 3) were nested within 3 WW categories (LWW, MWW, and HWW) for a total of 9 treatments. 1 Weanling pigs were placed into individual metabolism crates and allowed a 5-d acclimation period (d 5 to d 0), followed by a 27-d experimental period (d 0 to 27). Pigs were allowed ad libitum access to feed and were transitioned to the next diet phase when the mean weight of the group reached that suggested by the manufacturer of a commercial diet.
2 Diet was fed during urine and fecal collection period.
( Fig. 1 ). This yielded a nested trial design, where 3 ADG categories (1, 2, and 3) were nested within 3 WW categories (LWW, MWW, and HWW) for a total of 9 treatments.
Sample Collection, Analyses, and Calculations
Total urine and fecal grab samples were collected twice daily during 3-d collection periods at the beginning (d 1, 2, and 3) and end (d 25, 26, and 27 ) of the 27-d metabolism experiment. Urine was acidified with 6 N HCl to achieve a pH less than 3, filtered with cheesecloth, subsampled at each collection, and stored at -20°C. Urine was thawed, refiltered, and analyzed for N content without prior drying. Fecal grab samples were stored at -20°C, lyophilized, ground through a 0.5-mm screen, and analyzed for DM, ash, ADF, crude fat, GE, N, and titanium content. Feed samples were stored at -20°C, ground through a 0.5-mm screen, and analyzed for DM, ash, ADF, crude fat, GE, N, starch, and titanium concentration (Table 1) . After the completion of the 27-d experiment (d 32 postweaning), pigs were humanely euthanized via captive bolt stunning and exsanguination. Whole carcasses, including blood, organs, head, and feet, but excluding digesta, were homogenized, subsampled, lyophilized, ground through a 1-mm screen, and analyzed for GE.
Percentage DM and ash were determined according to modified methods (930.15 and 942.05, respectively; AOAC Int., 2007) where samples were dried at 105 or 600°C, respectively, to a constant weight. Percentage ADF was determined accordingly (method 973.18; AOAC Int., 2007) . Crude fat was determined by ether extraction with acid hydrolysis (methods 920.39 and 954.02; AOAC Int., 2007) . Benzoic acid was used as the standard for calibration (6318 ± 18 kcal/kg) for GE using bomb calorimetry and it was determined to be 6,321 ± 9 kcal/kg. Nitrogen content was determined by Kjeldahl method (981.13; AOAC Int., 2007) . A Gly standard (N content 18.7 ± 0.1%) was used for calibration and the N content of the Gly standard was 18.7 ± 0.1%. Crude protein was expressed as N × 6.25. Starch in feed samples was analyzed utilizing a total starch kit (Megazyme K-TSTA, Wicklow, Ireland) accordingly (method 996.11; AOAC Int., 2007) . Total tract starch digestibility was assumed to be 100%, and was, thus, not analyzed in fecal samples. Titanium was analyzed according to the method described by Leone (1973) . All chemical analyses were performed in duplicate and repeated when intra-duplicate CV exceeded 1%.
Dry matter and apparent total tract digestibility (ATTD) of nutrients were calculated according to the equations of Oresanya et al. (2007) : DM ATTD (%) = 100% − [(diet marker concentration ÷ feces marker concentration) × 100] or nutrient ATTD coefficient (%) = 100% − {[(diet index marker concentration ÷ feces index marker concentration) × (feces nutrient concentration ÷ diet nutrient concentration)] × 100}. Metabolizable energy was calculated according to the equation by Noblet and Perez (1993) : ME (Mcal/kg) = DE × [1.003 -(0.0021 × %CP)]. Net energy was calculated according to Noblet et al. (1994) Kielanowski (1965) : ME required for tissue deposition (Mcal/d) = tissue deposition rate (g/d) ÷ efficiency for tissue deposition (kcal ME/g). Efficiency for ME required for protein deposition (k p ) is 10.03, whereas efficiency for ME required for lipid deposition (k l ) is 11.65 (Patience, 2012) . Energy retained as tissue was calculated using the equations by Ewan (2001) : energy retained as protein (kg) = protein deposition rate × 5.66, or energy retained as lipid (kg) = lipid deposition rate × 9.46.
The equations available from the literature at the time of this experiment were used; however, some of these equations were not specifically validated for this size and age pig. For example, the maintenance estimates are based on studies using pigs somewhat older than the pigs used in this study. However, any errors in the estimates because of differences in age are likely no greater than the errors in estimates because of variation between laboratories. Although not perfect, they are the closest equations available to the pigs in this experiment. Clearly, more research is needed to verify and validate these equations.
As reported by Jones et al. (2012) , the initial BW of LWW, MWW, and HWW were 4.58, 6.15, 8.09 kg, respectively (SEM = 0.12 kg). The final BW of LWW, MWW, and HWW were 17.63, 20.80, and 25.19 kg, respectively (SEM = 0.39 kg). The ADG of LWW, MWW, and HWW were 483, 543, and 633 g/d, respectively (SEM = 13 g/d). Meanwhile, the initial weight of LWW1, LWW2, LWW3, MWW1, MWW2, MWW3, HWW1, HWW2, and HWW3 were 4.10, 4.65, 5.00, 5. 35, 6.30, 6.80, 7.51, 7.88, and 8.88 kg, respectively (SEM = 0.19 kg). The final weight of LWW1, LWW2, LWW3, MWW1, MWW2, MWW3, HWW1, HWW2, and HWW3 were 14.30, 18.23, 20.36, 15.57, 21.93, 24.90, 22.20, 25.07, and 28 .32 kg, respectively (SEM = 0.68 kg). Thus, the resulting ADG of LWW1, LWW2, LWW3, MWW1, MWW2, MWW3, HWW1, HWW2, and HWW3 were 378, 503, 569, 378, 579, 672, 543, 367 , and 719 g/d, respectively (SEM = 23 g/d).
Statistical Analyses
Data were analyzed using the GLIMMIX procedure of SAS (Version 9.2; SAS Inst. Inc., Cary, NC). Individual pigs served as the experimental unit. The model consisted of the fixed effects of WW (lightest, median, or heaviest) category and ADG (slowest, median, or fastest) category nested within WW category, and the random effects of replicate and pen. Least squared means were calculated, and treatments were compared using the SLICE and SLICEDIFF procedures. TukeyKramer corrections were used to adjust for multiple comparisons among treatments and to minimize possible β-errors. Results were considered significant if P was <0.05 and trends if P was >0.05 and <0. 10. The degree to which growth performance and carcass characteristics were related to WW and ADG categories was determined with Pearson correlation coefficients using the CORR procedure of SAS.
RESULTS AND DISCUSSION
Low weaning weights and poor postweaning growth performance, which are characteristic problems associated with increasing weight variation, can possibly be attributed to poor energy and nutrient digestibility or reduced utilization. Interestingly, the ATTD of measured nutrients and dietary energy content did not vary (P > 0.35) with WW category during either collection period (Table 2) , and also it did not vary (P > 0.20) when ADG was nested within WW category during the first collection period (Table 3) . However, the ATTD of DM, GE, N, and ash, as well as dietary DE, ME, and NE, were affected (P < 0.01) by nesting ADG within WW at the end of the experiment, with the greatest digestibility and energy among the median ADG categories of pigs. Differences in digestibility and energy coefficients may be intuitively attributed to pigs with the fastest ADG. Other researchers (Bérard et al., 2008; Beaulieu et al., 2010) have also reported that some variables are maximized by the median category. This underscores the importance of managing the entire variation of a population and not just the poorest performers.
In addition to the differences in digestibility, the substantial increase in determined DE concentration between d 5 and 32 postweaning should be noted. During the 27-d experimental period, average ME concentration increased 280 kcal/kg, or 8.4%. Although this is a dramatic escalation during a short period of time, these increases reinforce concepts previously introduced by Noblet and van Milgen (2004) that pig BW affects the energy value of nutrients. Additionally, the physiological changes occurring in the pig during this time period must be considered. Even with a 5-d postweaning acclimation period, the pig is still probably experiencing some of the detrimental effects of the weaning process, such as recovery from weaning-related villous atrophy (van BeersSchreurs et al., 1998) and reduced absorptive capacity (Nabuurs et al., 1993) . Digestive development changes 2 Calculated using the equation by Oresanya et al. (2007) : DM apparent digestibility coefficient (%) = 100% − [(diet index marker concentration/feces index marker concentration) × 100].
3 Calculated using the equation by Oresanya et al. (2007) : nutrient ATTD coefficient (%) = 100% − {[(diet index marker concentration/feces index marker concentration) × (feces nutrient concentration/diet nutrient concentration)] × 100}.
4 Determined DE concentration.
5 Calculated using the equation by Noblet and Perez (1993) : ME (Mcal/kg) = DE × [1.003 -(0.0021 × % CP)].
6 Calculated using the equation by Noblet et al. (1994) during this period; lactase activity decreases, whereas protease, amylase, maltase, and sucrase activities increase (Kitts et al., 1956; Manners and Stevens, 1972) . Thus, the digestibility of energy was expected to increase from d 5 to 32 postweaning. However, the magnitude of the difference (17%) is noteworthy.
Pig ADFI increased with increasing WW (Jones et al., 2012) . These improvements in ADFI directly correspond with the observed improvements (P < 0.001) in DE, ME, and NE intake reported in Table 4 . Additionally, heavier WW categories increased (P < 0.001) energy utilization and efficiency of energy use for gain compared with pigs with a lighter WW. The equation for NE maintenance is determined by BW [NE required for maintenance (Mcal) = 0.078 × BW 0.75 ; Just, 1982) .This equation was used to derive NE for growth, which was then used to derive NE efficiency for gain. These values are all dependent on the assumptions for the requirement of maintenance energy, which Just (1982, p. 542 ) defined as the "amount of energy that can maintain the energy balance of the pig in a thermally neutral environment, i.e., the pig neither loses nor gains energy." Just (1982) concluded that maintenance is influenced by other factors, such as sex, animal age or weight, genetics, diet, activity, and external environment. He stated that other power functions may be more appropriate at different ages, a concept introduced by Breirem (1936) and reinforced by Noblet et al. (1991) . Just (1982) based the maintenance equation on the 0.75 power, derived from the mean fasting heat productions in a variety of mature animals (Kleiber, 1975) . However, the power coefficients of 0.63 (ARC, 1981) or 0.60 (Brown and Mount, 1982; Noblet et al., 1999 ) may be more ap- 1 LWW1 = lightest 10% WW, slowest 33% ADG; LWW2 = lightest 10% WW, median 33% ADG; LWW3 = lightest 10% WW, fastest 33% ADG; MWW1 = median 10% WW, slowest 33% ADG; MWW2 = median10% WW, median 33% ADG; MWW3 = median 10% WW, fastest 33% ADG; HWW1 = heaviest 10% WW, slowest 33% ADG; HWW2 = heaviest 10% WW, median 33% ADG; HWW3 = heaviest 10% WW, fastest 33% ADG. propriate for growing pigs. Although the equation reported by Just (1982) is currently the most commonly used equation for NE for maintenance, we question if the use of the 0.75 exponent makes it inappropriate for estimating the maintenance requirements of young pigs. Unfortunately, a single exponent is unlikely to be representative of the true maintenance value across a variety of weights of pigs. For example, van Milgen and Noblet (2003) demonstrated that when 60 kg pigs have a constant ME m , using the 0.60 exponent instead of the 0.75 exponent results in an 18% overprediction of maintenance energy at 20 kg and a 10% underprediction of maintenance energy at 120 kg. Thus, whether the assumptions of maintenance energy made in the Just (1982) equation remain true in our experiment can be questioned. The most accurate exponent to predict the maintenance energy requirement is vital as it not only estimates maintenance requirements but also inherently affects the estimates of energetic efficiency for protein and lipid deposition (Bernier et al., 1987; Noblet et al., 1999; van Milgen and Noblet, 2003) . The NE equations used in the current experiment were reported by Just (1982) Kielanowski (1965) equation increased (P < 0.001) with increasing WW category. However, the calculated ME intake:actual ME intake differed (P = 0.04) among different WW categories. The LWW pigs had a lower ratio than HWW pigs (P < 0.05; 1.03 vs. 1.10 for LWW vs. HWW, respectively). In this experiment, individual energy intakes were known and considered to be accurate. Additionally, protein and lipid deposition rates for individual pigs within this experiment were known and reported in Jones et al. (2012). This leaves 3 variables, which were not determined directly: Energy maintenance, kp, and kl. We calculated ME m using the standard equation established by NRC (1998): 0.106 Mcal ME × BW 0.75 . Both k p and k l have been established within the pig as 10.03 and 11.65 kcal ME per gram of protein or lipid gain, respectively (Patience, 2012) . Unfortunately, none of these 3 values or calculations can be assumed to remain constant across varying WW or ADG categories.
Considering that any or all of ME m , k p , and k l could be responsible for the difference between the calculated ME intake:actual ME intake in LWW vs. HWW pigs, 2 of the 3 components were held constant to determine changes in the third. If adjusted to an equal BW, slower growing pigs generally have heavier intestine and stomach weights compared to their contemporaries (Jones et al., 2012) . However, the chemical carcass composition of slower growing pigs was not different from healthy contemporaries, even though tissue deposition rates differ. For these reasons, the difference between calculated ME intake:actual ME intake in LWW vs. HWW pigs may be attributed to variation in ME m , and not differences in k p or k l .
Many definitions of maintenance energy exist beyond that previously proposed by Just (1982) . Kotarbińska and Kielanowski (1969) suggested that maintenance energy is all energy not used for protein or lipid gain, whereas van Milgen and Noblet (2003) defined it as the sum of fasting heat production and energy required for activity. Fasting heat production assumes equal energy intake and thermoneutrality (Labussière et al., 2011) . However, Knap (2009) clarified that energy for maintenance may include metabolic activities such as protein turnover, immune function, and thermoregulation. Both Le Bellego et al. (2001) and van Milgen et al. (2001) suggested that the energy of activity component of the maintenance requirement ranges from 8 to 15% of the total. This wide range includes variation in thermal climate, which may be responsible for the observed differences in calculated ME intake:actual ME intake between the LWW vs. HWW pigs. Particularly, we hypothesize that the variation between the calculated ME intake:actual ME intake between the LWW and HWW pigs was due to differences in thermoneutrality. In this experiment, values were very similar whether determined by bomb calorimetry or calculated from energy retained as protein and lipid.
Analyzing the energy equations by nesting ADG within WW resulted in similar patterns to when analyzed by WW (Table 5 ). Both increasing WW and ADG resulted in increasing (P < 0.001) energy intake, utilization, efficiency for gain, energy retained as tissue, and retained GE. As with Jones et al. (2012) , there were apparent differences among pigs from the LWW1 and MWW1 categories and pigs in all other categories. Therefore, pigs from these 2 treatments were classified as true "fallback" pigs, whereas the remaining 7 treatments could be classified as "average" contemporaries. Fallback pigs included those from both the LWW1 and MWW1 categories because these pigs had similar ADG (378 vs. 378 g), which in turn was slower (P < 0.05) than the other 7 treatments. Pigs from the HWW1 category were not chosen as fallback pigs because their mean ADG was greater (543 vs. 378 g; P < 0.05) compared to the other slowest ADG categories. Therefore, pigs from the LWW3, MWW2, MWW3, HWW1, HWW2, and HWW3 categories were characterized as "average contemporaries." Compared to their average contemporaries, fallback pigs had reduced (P < 0.05) energy intake, utilization, efficiency for gain, energy retained as tissue, and retained GE. Again, the calculated ME intake:actual ME intake was different (P = 0.03), and the direction of the values reinforced our hypothesis that the differences in ratios are attributed to variation in thermoneutrality. The overestimation of ME intake was greatest in pigs from LWW1, MWW1, HWW2, and HWW3 (Fig. 1) . The LWW1 and MWW1, which we refer to as fallback pigs as explained before, may have been cold stressed, whereas pigs from HWW2 and HWW3 may have been slightly heat stressed compared to other pigs.
Thermal climate within a barn is typically maintained for average-weight pigs. Regrettably, this results in lighter-weight pigs being housed in temperatures close to the lower limit of their thermal neutral zone and heavier-weight pigs reared in an environment close to the upper limit of their thermal neutral zone (Kyriazakis and Whittemore, 2006) . In this experiment, barn temperatures were maintained according to Kyriazakis and Whittemore (2006) ; thus, the effective temperature was maintained for the average pig BW. At d 0, MWW pigs weighed an average of 6.15 kg and thus room temperature was maintained at 30.0°C. However, LWW and HWW pigs weighed 4.58 and 8.09 kg, respectively. For LWW and HWW pigs to be kept in thermoneutral conditions, room temperature needed to be maintained at 32.8 and 28.9°C, respectively (Kyriazakis and Whittemore, 2006) . Because it was maintained at 30.0°C, pigs from the LWW category were below their lower critical temperature (30.8°C) and pigs from the HWW category were close to their upper critical temperature (30.4°C) when housed individually (Close and Stanier, 1984) . The thermal neutral zone expands as pig weight increases and thus all pigs were within the range of thermoneutrality at the end of the experiment.
Typically, energy intake increases with cold stress (Herpin et al., 1987) . However, we have shown that fallback pigs have decreased energy intake compared with their heavier contemporaries. Thus, not only are fallback pigs possibly chilled to begin with, but they also likely have decreased thermal heat of digestion (van Milgen et al., 1997) . Compounding this low energy intake, cold-stressed pigs have a higher MEm requirement to maintain body temperature compared with those kept within the limits of their thermal neutral zone (Verstegen et al., 1978; LeDividich, 1980; Ewan, 1982) . Maintenance requirements of pigs increase as pigs approach the lower limit of their thermal neutral zone (Close and Stanier, 1984; Campbell and Taverner, 1988) . Additionally, Campbell and Taverner (1988) have shown that, at similar energy intakes, cold-stressed pigs grow slower and were less efficient in using the energy available above maintenance than pigs reared within their thermoneutral zone. Because of cold stressing, fallback pigs already exhibited decreased energy intake, and this slow growth and decreased efficiency would be exacerbated, causing the pig to fall even further back from average performance. Furthermore, these results raise the question of whether cold stress, believed to stimulate greater energy intake in normal pigs, applies to fallback pigs.
The opposite is true for pigs in HWW2 and HWW3. These pigs were clearly not heat stressed in the clinical sense, as they still had high energy intakes. However, they approached the upper limit of their thermal neutral zone and thus partitioned more energy toward maintenance to prevent reaching the upper limit and decreasing feed intake. Maintenance requirement is increased in heat-stressed mammals because of increased respiration rate and blood redistribution (Hales and Webster, 1967; Roswell et al., 1968; Fuquay, 1981) . The ATP required for these metabolic processes results in less energy being available for tissue deposition and at least partially explains the difference between the calculated ME intake:actual ME intake variation in the HWW2 and HWW3 categories.
The results reported within this experiment are reflected in the direction and magnitude of correlations influenced by WW or ADG (Table 6 ). Where significant correlations existed between WW or ADG and d 32 ATTD or dietary energy content, the resulting coefficient was negligible. Stronger (P < 0.001) correlations existed a-g Within a row, means without a common superscript differ (P < 0.05).
1 LWW1 = lightest 10% WW, slowest 33% ADG; LWW2 = lightest 10% WW, median 33% ADG; LWW3 = lightest 10% WW, fastest 33% ADG; MWW1 = median 10% WW, slowest 33% ADG; MWW2 = median10% WW, median 33% ADG; MWW3 = median 10% WW, fastest 33% ADG; HWW1 = heaviest 10% WW, slowest 33% ADG; HWW2 = heaviest 10% WW, median 33% ADG; and HWW3 = heaviest 10% WW, fastest 33% ADG.
2 Determined using the equation: energy intake (Mcal/d) = DE × ADFI. between WW or ADG and energy intake, utilization, efficiency for gain, and energy retained as tissue.
Taken together with the results from Jones et al. (2012) , the underlying cause for fallback from average performance apparently can be attributed to poor feed intake and reduced utilization of absorbed nutrients. Although fallback pigs have greater calculated NE efficiency for gain, variation in the composition of gain or in the maintenance requirements were not addressed. They were clearly different in fallback pigs and call into question the accuracy of these calculations. Thus, feed intake and reduced nutrient absorption appear to be associated with fallback pigs. At the moment, there is little explanation as to the metabolic or physiological cause of either observation. The observed differences in nutrient digestibility and energy metabolism outlined in this manuscript may be the phenotypic result of misregulation of differentially-expressed genes in protein metabolism Selak et al., 2003; Wang et al., 2008) , the effect of reduced intestinal integrity and absorptive capacity (Widdowson, 1971 , Baserga et al., 2004 Zhong et al., 2010) , the outcome of impaired endocrine function (Chen et al., 2011) , or the consequence of postnatal stressors such as enteric disease (Moeser and Blikslager, 2007) . We have found no other published research regarding fallback from average performance in pigs or in other species and thus rely on research on mammals with intrauterine growth retardation as our closest model to explain our observed results. However, more work remains to fully understand the impaired nutrient utilization associated with intrauterine growth retardation. Although this work may be used to hypothesize the cause for differences in pigs with varying WW and ADG, the association has not been confirmed. Other research regarding the health status, immune function, metabolic function, and small intestine absorptive capacity is required in these pigs to potentially explain our findings in nutrient digestibility and energy utilization.
This article presents, perhaps for the first time, phenotypic differences in nutrient digestibility among pigs with varying weaning weights and postweaning growth performance. Reduction in growth performance was apparently driven by a combination of poor feed intake and nutrient digestibility, both of which warrant additional mechanistic research. The energy required for maintenance was not equal among pigs with different weaning weights or postweaning growth performance. These differences were possibly due to the variation in thermoneutrality. 
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